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Description 

[0001 ] This invention relates to systems and methods 
for reading dataforms, such as bar codes and matrix 
codes, and to such systems operating with overlapping 
exposure periods for successive lines of sensor ele- 
ments of an array and having automatic exposure con- 
trol implemented for successive lines or subsets of lines 
of sensor elements. 

BACKGROUND OF THE INVENTION 

[0002] While a variety of types of sensor array scan- 
ners have been provided for reading more complex 
forms of two dimensional bar-codes and matrix codes, 
these sensor array scanners are all continuous frame 
scanners and therefore suffer from high power con- 
sumption. Because many sensor array scanners are 
portable and powered by batteries, there exists a need 
for a portable reader with single frame capability and 
therefore reduced power consumption and correspond- 
ingly extended battery life. There also exists a need for 
a portable reader with enhanced accuracy and reliabil- 
ity, as well as reduced size and light weight. 
[0003] In such a portable reader it is further desirable 
to provide for increased imaging accuracy by enabling 
exposure control to be accomplished on the basis of in- 
dividual lines of sensor elements or successive limited 
subsets of lines of sensor.elements of an imaging array. 

BACKGROUND OF DATAFORMS 

[0004] The application and use of bar codes and ma- 
trix codes are well known and growing. Bar codes and 
matrix codes are forms of "dataforms", which for present 
purposes are defined to include all arrangements 
whereby data is fixed in some form of machine readable 
copy. Thus, dataforms include one and two dimensional 
bar codes, matrix codes and graphic codes, as well as 
words and numbers and other symbols, which may be 
printed or etched on paper, plastic cards and metallic 
and other Items. Dataforms may be printed in invisible 
ink, magnetically recorded via magnetic stripes or mag- 
netic ink fonts, electromagnetically recorded via RF 
tags, engraved, stamped, tattooed (on skin), formed by 
ion doping (for semiconductor wafers) or biochemical 
binding, etc. 

[0005] In the utilization of dataforms, data originally 
encoded is recovered for further use in a variety of ways. 
For example, a printed bar code may be optically 
scanned to derive reflectance values which are digi- 
tized, stored in buffer memory and subsequently decod- 
ed to recover the data encoded in the bar code. Regard- 
less of the particular type of dataform, an image is typ- 
ically acquired and stored as pixel values for further 
processing. An image of a bar code or matrix code ex- 
isting as a graphic image can be acquired by use of a 
CCD scanner, a laser scanner or other suitable device 
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which is capable of distinguishing between different re- 
flective values of light reflected from a dataform. Thus, 
for example, a bar code typically comprises black or 
dark colored bar type elements printed on a white or light 
colored background area, with white or light colored 
spaces between the elements of the bar code. The 
spaces are typically the same color as the background 
area, but may be of a different light color in this example. 
In other examples the elements of a bar code or matrix 
code are white or light colored and are defined by black 
or darker colored spaces and background area. 
[0006] In other applications, such as laser engraving 
on silicon wafers, illumination may result in a dark on 
light relationship in one orientation and a light on dark 
relationship in a different orientation, In addition to pixel 
values representing reflective values of light ("light" be- 
ing defined as encompassing the entire electromagnetic 
spectrum for present purposes), in other arrangements 
pixel values representative of reflective values may be 
based upon reflection of soundwaves or other mediums 
from a dataform of an appropriate configuration. In any 
arrangement in which a dataform is arranged to be read 
on the basis of reflective values, such reflective values 
may typically be stored as pixel values in an image buff- 
er memory or other storage medium in bit map or other 
form which, while representative of pixel values for an 
image, may utilize any appropriate data storage format. 
[0007] European patent application EP-A-0 602 637 
describes prior exposure control features for use in an 
optical information reader. Features such as discharge 
of sensor elements at the beginning of a scan interval 
and control of light emission quality and shutter speed 
are described in the context of a linear sensor. 
[0008] International publication no. WO 94/1 9764 de- 
scribes arrangements for uniform illumination of a sur- 
face bearing a bar code, for example, to improve the 
quality of an image obtained by a CCD-based camera. 
A group of LEDs are flashed simultaneously to enable 
the camera to capture a two-dimensional image. 

BACKGROUND OF SENSOR ARRAY READERS 

[0009] As noted, prior arrangements for reading da- 
taforms have been based upon laser or continuous 
frame CCD scanners adapted for use with two-dimen- 
sional bar codes. However, these approaches have 
generally been subject to one or more limitations in the 
quest for a practical, low power consumption, low cost, 
lightweight hand-holdable reader providing fast and ac- 
curate reading of two-dimensional dataforms. For ex- 
ample, a continuous frame reader typically consumes a 
full watt of power because the continuous frame archi- 
tecture requires that the sensor array continuously pro- 
duces a stream of image data. When a microprocessor 
decodes a bar-code, it merely selects appropriate data 
to decode from the continuous stream of image data. 
[0010] Full frame progressive scan CCD devices, as 
proposed for continuous frame transfer video or very 
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high resolution still photograph capture, are subject to 
one or more of high cost, bulky configuration, high power 
consumption and slow gain control response time. Such 
factors limit applicability to practical hand-held dataform 
reading applications. 

[001 1 ] Embodiments of the present invention can pro- 
vide new and improved dataform readers and methods 
avoiding one or more disadvantages of prior arrange- 
ments. 

[0012] Embodiments can also provide dataform read-, 
ers and methods capable of providing one or more of 
the following: 

image capture with overlapping exposure periods 
for successive lines of sensor elements; 
automatic exposure control on a line-by-line basis; 
overall low power consumption; 
single frame image capture; 
rapid automatic gain control; 
automatic focus sensing and reading activation; 
light weight hand-holdable configuration; and 
single chip configuration capability. 

SUMMARY OF THE INVENTION 

[0013] In accordance with the invention there is pro- 
vided a dataform reader, usable to read a dataform in a 
target area at a distance from said reader and wherein 
exposures of successive lines of sensor elements are 
initiated sequentially, comprising an array of sensor el- 
ements including a plurality of lines of sensor elements 
for providing image signals representative of an image; 
at least one exposure illuminator arranged to illuminate 
said target area; a focusing device positioned in front of 
said array and arranged to focus on said array illumina- 
tion reflected from at least a portion of said dataform 
when said distance is within a focus range; an array con- 
trol assembly coupled to said array and arranged to in- 
itiate exposure of a line of sensor elements by causing 
sensor elements of said line to be set to a reference po- 
tential in response to an exposure start signal and to 
cause image signals to be read from sensor elements 
of said line in response to an exposure stop signal and 
coupled to an output point; an exposure control system 
coupled to said array control assembly and arranged to 
provide said exposure start and stop signals to said ar- 
ray control assembly to implement said exposure peri- 
ods in a sequence for said image, causing the exposure 
period for one line of sensor elements to overlap the ex- 
posure period for at least one subsequent line of sensor 
elements; and a processing unit coupled to said output 
point and arranged to process said image signals to de- 
code said dataform. 

[0014] Also in accordance with the invention, a meth- 
od, for use with a dataform reader including an array of 
sensor elements and wherein exposure of successive 
lines of sensor elements is initiated sequentially, com- 
prises the following steps: 



(a) causing illumination of a target area including a 
dataform image to be reflected onto said array of 
sensor elements; 

(b) coupling a first line of sensor elements to a ref- 
5 erence potential in response to an exposure start 

signal; 

(c) accumulating charge on sensor elements of said 
first line in an exposure period; 

(d) terminating said first line exposure period by 
10 reading image signals from sensor elements of said 

first line in response to an exposure stop signal; 

(e) coupling said first line image signals to an output 
point; 

(f) repeating steps (b) through (d) for successive 
'5 lines of sensor elements, with step (b) for each suc- 
cessive line of sensor elements being initiated dur- 
ing the step (c) exposure period for the respective 
preceding line of sensor elements, thereby resulting 
in partially overlapping exposure periods; 

(g) coupling image signals from successive lines of 
sensor elements to said output point in sequence 
following image signals from the respective preced- 
ing line; and 

(h) terminating said reflection of illumination onto 
said array of sensor elements. 

[0015] The described method may additionally in- 
clude the following steps between steps (e) and (f): 

(x) determining an averaged level of first line image 
signals as coupled to the output point in step (e); 
(y) utilizing the averaged image signal level to de- 
termine the timing of an exposure stop signal ap- 
plied in a repetition of step (d) to terminate the ex- 
posure period of a line of sensor elements initiated 
after the exposure period for the first line. 

[0016] Other aspects of the invention are set out in 
independent claims 8 and 16. 
[0017] For a better understanding of the Invention, to- 
gether with other and further objects, reference is made 
to the accompanying drawings and the scope of the in- 
vention will be pointed out in the accompanying claims. 



[0018] Figs. 1 A, 1 Band 1 Care respectively front, side 
and top views of a hand-held dataform reader. 
[0019] Fig. 2 is a block diagram of portions of the da- 
taform reader with a conceptual side view of optical 
components of the reader. 

[0020] Fig. 3 illustrates details of implementations of 
a portion of the Fig. 2 system. 
[0021] Fig. 4 is a conceptual side view illustrating as- 
pects of an automatic focus sensing system. 
[0022] Fig. 5 is a block diagram showing a second ex- 
ample of a portion of the Fig. 2 dataform reader. 
[0023] Fig. 6 is an operational flow chart useful in de- 
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scribing operation of the illustrated dataform reader. 
[0024] Fig. 7 is a flow chart useful in describing oper- 
ation of the second example of the dataform reader. 
[0025] Fig. 8 illustrates, partially in block form, an em- 
bodiment of a dataform reader in accordance with the 
invention. 

[0026] Fig. 9 is a flow chart useful in describing oper- 
ation of the Fig. 8 dataform reader. 
[0027] The arrangements of Figures 2 and 5 are pre- 
sented as examples useful for understanding the inven- 
tion. 

DESCRIPTION OF THE INVENTION 

[0028] An embodiment of a dataform reader utilizing 
the invention is illustrated in Figs. 1A, B and C. Fig. 1A 
is a front conceptual view of the dataform reader 1 0 and 
Figs. 1 B and 1C are corresponding side and top views, 
respectively. A portion of the upper casing is removed 
in Fig. 1 B to provide a simplified view of internal com- 
ponents. Before addressing specific aspects in accord- 
ance with the invention, it can be observed that, 
as shown, the reader includes a suitable impact-resist- 
ant plastic case with a hand grip portion 12, a trigger 
device 14 and battery compartment 16. The dataform 
reader also includes an upper enclosure portion 1 8 
which, as illustrated in simplified form in Fig. 1B, may 
include a sensor array assembly 20, illuminator array 22 
and illuminator lens 24, each of which will be described 
in greater detail. Fig. 1B also depicts a processor and 
memory unit 30 and an input/output (I/O) unit 32, which 
may take the form of pluggable circuit boards inserted 
into slots from the rear of the reader 1 0. Additional slots 
at 34 and 36 may be utilized to provide additional or ex- 
tended operating capabilities by enabling insertion of 
PCMCIA type cards, etc. As further depicted in Figs. 1 B 
and 1 C, the dataform reader 1 0 may include a data entry 
keyboard 40 and a display 42, represented as adjusta- 
ble to different viewing angles. These and other features 
may be provided by skilled persons using known tech- 
niques and types of components, except that features 
and elements particularly relevant to implementation of 
the invention are provided as will be further described. 
[0029] In the illustrated embodiment, there is provided 
an automatic exposure dataform reader 1 0 configured 
to read a dataform (such as a two-dimensional bar code) 
existing in a target area positioned at a distance from 
the dataform reader. Thus, for example a bar code can 
be printed on a label affixed to a package, component 
or letter and the dataform reader held by an operator, 
with the front of the reader at a distance from the bar 
code. 

[0030] As shown in Fig. 1 A, the reader 1 0 includes an 
array of illuminators with three different functions. Pe- 
rimeter illuminators, such as shown at 50, are positioned 
in a frame type configuration and arranged to illuminate 
the target area with a border or frame effect which indi- 
cates the field of view of the sensor array assembly 20. 



Focusing illuminators, shown at 52, are arranged in this 
embodiment to provide angled beams of light which in- 
tersect or overlap at a predetermined distance in front 
of the reader. That distance represents a fixed focus dis- 
5 tance, as will be further described. Exposure illumina- 
tors, such as shown at 54 and which typically may be 
included in greater numbers, are arranged to provide a 
relatively uniform level of target area illumination when 
turned on during an exposure period for the purpose of 

10 reading the dataform (e.g., capturing an image of the 
dataform in the sensor array). Each of the illuminators 
may be an appropriate form of device, such as a low 
cost light emitting diode (LED), arranged to provide the 
respective levels of illumination determined to be appro- 

is priate in applications of the invention. The number, 
types, arrangement and utilization of the illuminators 
can be determined as appropriate. Depending upon the 
application, the perimeter illuminators 50 or focusing il- 
luminators 52 may be used alone or in combination to 

20 provide exposure illumination during exposure periods. 
The illuminator lens 24 may comprise an array configu- 
ration including a small lens portion in front of each of 
the illuminators 50, 52 and 54 in order to provide appro- 
priately focused beam configurations for each of the re- 

25 spective functions already discussed. In the Fig. 1 A view 
a central lens 56 is arranged to focus upon the face of 
the sensor array contained in assembly 20 illumination 
reflected from the target area and any included data- 
form, in order to enable the array to sense the image 

30 and provide image signals. 

[0031] Referring now to Fig. 2, there is shown a sim- 
plified block diagram of portions of the dataform reader. 
A conceptual cross -sectional view of related optical el- 
ements is included. As shown, sensor array assembly 

35 20 projects through lens assembly 24 and the array of 
illuminators 50 and 54 and includes a sensor array 21 , 
optical filter 26 and array control unit 28, with associated 
clock device 29. Sensor array 21 is positioned behind 
(to the right of, in this side view) central lens 56 and filter 

40 26. By providing a filter 26 which is transmissive to illu- 
mination provided by the illuminators, but effective to re- 
duce transmission in other portions of the ambient light 
spectrum, the effects produced by ambient light during 
the exposure period are reduced. 

45 [0032] As noted, sensor array assembly 20 may in- 
clude a two-dimensional array 21 of sensing cells (each 
utilizing a photodiode and responsive to incident reflect- 
ed light). Array control unit 28 may typically include ver- 
tical and horizontal readout circuits, devices for sensing 

so charge or voltage, appearing at individual sensing cells, 
and an output amplifier device with adjustable gain for 
coupling image signals from the sensor array assembly 
20, as well as clock device 29 for providing timing control 
of the reading of image signals from selected sensor el- 

55 ements. While other types of sensor array arrange- 
ments may be utilized in implementation of the inven- 
tion, an advantage in use of the type of arrangement of 
the referenced patent application is that the entire sen- 
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sor array, plus some or all of the associated gain control, 
focus sensing and exposure control circuitry, may be en- 
abled to be implemented on a single chip using known 
application of CMOS technology (or PMOS, NMOS, Bi- 
polar, BiMOS, BiCMOS, or other existing or newly avail- s 
able technology). Use of existing CMOS technology, for 
example, is effective to provide significant advantages 
of established production techniques, single chip size, 
weight and cost advantages and, possibly most impor- 
tantly, low power consumption (as compared to higher 
power requirements of prior CCD or other arrangements 
whereby support circuitry for the sensor array is located 
off chip). 

[0033] In Fig. 2, the sensor array is focused, via lens 
56, on target area 58 which is at a distance 59 from lens 
56. The filter, 26 is placed between the lens 56 and the 
sensor array. Filter 26 can be specified so that it is pri- 
marily transmissive only to light in a particular portion or 
band of the electromagnetic spectrum and is effective 
to reduce transmission in other portions of the ambient 
light spectrum (e.g., portions differing from the transmis- 
sive band or portion). With this approach, the sensor ar- 
ray can be arranged to be relatively non-responsive to 
ambient light reflected from the target area. 
[0034] Fig. 2 also includes an in-focus sensing device 
62 responsive to image signals provided from a plurality 
of sensor elements and arranged to provide an "in-fo- 
cus" signal usable to initiate a dataform reading session. 
The in-focus signal is provided when an area of illumi- 
nation provided by the focus illuminator or illuminators 
is characterized by having at least one of (a) a size within 
a predetermined size range, (b) a brightness within a 
predetermined brightness range, and (c) a location with- 
in a predetermined location range, as represented by 
such image signals. Fig. 3 indicates two arrangements 
for providing appropriate image signals to device 62. In 
Fig. 3, 56 represents an outline of the array focusing 
lens and 21 a represents the outline of an array of sens- 
ing elements included in sensor array assembly 20. At 
21b is indicated a linear sensor which may comprise one 
or two lines of sensor elements provided separately 
from the element array 21a. Linear array 21 b is connect- 
ed to point 48 of Fig. 2 under the control of array control 
unit 28 (not shown in the simplified representation of Fig. 
3). 

[0035] Fig. 4 is a representation of focus illuminators 
52 providing, via lens assembly 24, angled light beams 
52a and 52b as previously discussed. As shown, these 
beams intersect or cross at a distance 59 from the front 
of the lens 56. At distance 59, there is represented a 
side view of the plane of focus 70 of the sensor array of 
array assembly 20 in combination with focusing lens 56 
(see also Fig. 2). 

[0036] Thus, with particular choices of a sensor array 
configuration and lens,-the dataform reader will exhibit 
an in-focus condition, with an image of the target area 
and any included dataform accurately focused on the 
sensor elements of array 21 , if the target area lies in the 



plane 70 which is at a distance 59. Further, the lens 56. 
can be specified so as to provide a reasonable depth of 
focus, with the result that an image of the target area 
will be acceptably focused on the sensor elements for 
any separation distance within the depth of focus range 
indicated at 72. Once the distance 59 has been deter- 
mined for a particular reader design, the beam angles 
of illuminators 52 can be adjusted to provide beam in- 
tersection or overlap at the distance 59, as shown in Fig. 
4. With this arrangement, linear sensor 21 b of Fig. 3 will 
initially provide image signals representative of target 
area illumination by two spots of light located at spaced 
positions when the target area lies in plane 74 at a dis- 
tance 76. Then, as the dataform reader is moved closer 
to the target area so that the target area lies in plane 70 
at distance 59, the two spots of light will converge into 
a single brighter spot at a central location. The image 
signals from linear array 21b will thus provide informa- 
tion representative of the single brighter spot of illumi- 
nation and its location, thereby providing information in- 
dicative of the in-focus condition. By providing a degree 
of tolerance on the in-focus image signal indication, the 
in-focus indication can be adjusted to accommodate the 
depth of focus range 72. Upon successful distance ad- 
justment (e.g., user movement of a hand-held reader 
closer or farther from the dataform image) to achieve an 
in-focus indication, in-focus sensing device 62 is ar- 
ranged to provide an "in-focus" signal usable for initiat- 
ing a reading and decoding cycle. It will be apparent that 
the arrangement as described also enables operation 
in a manual in-focus determination mode. Thus, with the 
operator adjusting the position of the dataform reader 
relative to the target area and observing the conver- 
gence of the two spots of light into a single spot, as de- 
scribed, an in-focus indication can be provided by oper- 
ator activation of an appropriate key of keyboard 40 
when convergence is achieved. 
[0037] With reference to Fig. 3, the dotted connection 
between sensing element array 21 a of assembly 20 and 
circuit point 48 indicates an alternative configuration. As 
shown in Fig. 2, point 48 provides connection to in-focus 
unit 62 (as well as units 60 and 64). Instead of providing 
additional sensing elements necessary in order to pro- 
vide a dedicated linear sensor 21b, it can be arranged 
to make temporary use of one or more lines of elements 
of array 21 a for focusing purposes, independently of the 
basic image sensing function of array 21a. With the lat- 
ter arrangement, the desired in-focus determination can 
thus be made without the requirement to provide any 
separate linear sensor such as 21b. 
[0038] As shown, Fig. 2 further includes an exposure 
control device 64 responsive to image signals from one 
or more selected sensor elements and arranged to pro- 
vide "start" and "stop" signals usable for beginning and 
terminating an exposure period. Exposure control 64 uti- 
lizes the image signals to provide the stop signal in re- 
sponse to reflection of a predetermined level or intensity 
of illumination. Typically, such predetermined level or in- 
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tensity will be measured within a period initiated by the 
start signal provided by the exposure control device and 
may represent an accumulated representation of the in- 
tensity of reflected light over time. By converting image 
signals received in the period to a voltage representative 
of accumulated image signal levels, and comparing that 
voltage to a preset threshold voltage, the stop signal can 
be generated when the accumulated voltage reaches 
the threshold voltage, representing a predetermined il- 
lumination exposure of the target area. 
[0039] In another example illustrated in Fig. 5, the ex- 
posure control device sets the duration of the time be- 
tween the start and stop signals by responding to the 
illumination intensity as measured by a preset fixed time 
period sample exposure of one or more selected sensor 
elements. The image signals from such sensor ele- 
ments (typically, two lines of sensor elements, as dis- 
cussed above) will thus be representative of the level of 
illumination reflected from the target area during the pre- 
set sample exposure period. By converting the image 
signals to a gray level signal, an exposure control signal 
representative of the appropriate duration of the adjust- 
able exposure period is provided. In order to determine 
the actual duration of the exposure period represented 
by the control signal, the exposure control device 64a is 
coupled to the CPU 88. As shown in Fig. 5, the CPU is 
arranged to access a look-up table (stored in memory 
unit 82a) containing exposure period data correlated to 
gray level signal values. The actual look-up table data 
can be derived in advance on an empirical or other ap- 
propriate basis utilizing the level of reflected light during 
the preset initial period of predetermined duration as an 
indication of the exposure time which will be required to 
enable the capture of usable image data on a single 
frame activation basis. 

[0040] As also indicated in Fig. 2, gain control device 
60 is arranged to respond to image signals provided 
from one or more of the sensor elements of array as- 
sembly 20, and more particularly to the level of reflected 
light represented by such image signals, to control im- 
age signal amplification. The gain control in this embod- 
iment is achieved by a gain control signal coupled back 
to the above-referenced adjustable gain output amplifier 
included in the sensor control unit 28. This enables the 
amplitude of the image signals provided by the sensor 
array to be maintained within a predetermined range 
substantially independently of reflected ambient illumi- 
nation as represented by amplitude levels of selected 
image signals. 

[0041] . As illustrated in Fig. 2, this example dataform 
reader also comprises a processing unit 80, memory 
unit 82 and input/output (I/O) module 84. Processing 
unit '80, which may include a digitizer 86, CPU 88 and 
power management module 90, receives image signals 
from sensor array assembly 20 and provides image data 
in digitized form for storage in memory unit 82. Unit 80 
is responsive to the start and stop signals from units 62 
and 64 to control the exposure period. As will be further 



described, during the operating sequence processing 
unit 80 is also arranged, via power management module 
90 coupled to a battery (not shown), to turn on and off 
the perimeter, focus illuminators 50 and 52, and expo- 

5 sure illuminators and couple power for operation of the 
sensor array assembly 20. Processing unit 80 is further 
arranged to implement decoding of a dataform using im- 
age data stored in memory unit 82. Upon successful de- 
coding of the dataform, unit 80 also provides an end- 

10 cycle signal effective to terminate decoding operation 
and also to end the reading of sensor elements to pro- 
vide image signals, by terminating at least one of the 
coupling of input power and provision of clock signals 
which are both required in the reading of sensor ele- 

*5 ments under the control of array control unit 28. 

[0042] Separately, decoded dataform information is 
provided to an output device 92, via I/O module 84. The 
I/O module 84 may be arranged to operate with PCMCIA 
cards in interface slots 34 and 36 discussed with refer- 

20 ence to Fig. 1 B, and may be arranged to provide radio, 
infrared, wired or other signal transmission and recep- 
tion capabilities. Output device 92 may accordingly be 
an output port for coupling output signals via a conduc- 
tor, an antenna or optical device for radio or infrared 

25 transmission, or other suitable device, with I/O unit 84 
arranged to provide the decoded dataform information 
in suitable form for use with the particular form of output 
device. Modem, speech recognition, handwriting recog- 
nition, memory and other types of additional capability 

30 or peripheral cards may also be inserted in the PCMCIA 
slots for operation in cooperation with processing unit 
80 and I/O module 84 to provide extended and further 
features. Items not specifically described can be provid- 
ed by persons skilled in the relevant technologies. 

35 [0043] With an understanding of the dataform reader 
as described, it will be apparent that for dataform read- 
ing and in other applications an imaging system provid- 
ed in accordance with the invention may include auto- 
matic gain control, automatic exposure, automatic focus 

<o sensing, single frame image capture and other features 
as described. 

OPERATION 

45 [0044] With reference now to Fig. 6 there is shown an 
operational flow chart with reference to operation of a 
dataform reader. At step 100, a user activates trigger 
device 14 of dataform reader 10 shown in Fig. 1B. At 
step 104, perimeter illuminators 50 and focus illumina- 

50 tors 52 are turned on and reading of sensor elements is 
initiated. At step 106, the user adjusts the distance be- 
tween the dataform reader 10 and the target area to 
achieve a separation distance within range 72 in Fig. 4, 
at which point the areas of illumination intersect and 

55 merge into a single smaller, brighter area or spot of illu- 
mination having a central location. At step 1 08, the focus 
condition achieved in step 1 06 is monitored on the basis 
of image signals from a linear array of sensors indicative 
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of whether the area of illumination is characterized by 
at least one of (a) a size within a. predetermined size 
range, (b) a brightness within a predetermined bright- 
ness range, and (c) a location within a predetermined 
location range, or any combination of the three, as will s 
occur as the two illumination areas, as provided on the 
target area by beams 52a and 52b in Fig. 4, overlap and 
merge. For two round spots of illumination, the spots will 
thus become concentric when focused and this mini- 
mum size condition can be detected in a variety of ways, 
including detecting the relative positions of the two spots 
within the field of view. When such illumination area 
merge is achieved as characterized, an "in-focus" signal 
is effective at step 110 to turn on all illuminators of the 
exposure array (e.g., illuminators 50 or illuminators 50 
and 52, depending upon the particular configuration). As 
discussed, such in-focus signal can be implemented au- 
tomatically or manually based on operator observation. 
[0045] Upon turning on the exposure illuminators, the 
exposure control device sends a start signal to sensor 
array assembly 20 which is effective to reset any accu- 
mulated charge on the sensors to a reference charge. 
The photo sensors immediately begin accumulating a 
new charge as indicated at step 1 1 2. Simultaneously the 
exposure control device and the gain control device pe- 
riodically measure accumulated charge on a sample of 
photodetectors at steps 113 and 114. The gain control 
device at step 1 1 3 uses sample image data to select an 
appropriate amplitude gain and offset signal to apply to 
the sensor array amplifier in array control unit 28. At step 

114, the exposure control device monitors the sample 
image data and when the sample image data indicates 
that the level of reflected light from the target area, on 
a cumulative basis, has reached a predetermined level, 
the exposure control device generates a stop signal. In 
response to the stop signal the accumulated charge on 
the exposed sensor is measured and converted to a 
voltage signal. Known types of sensor arrays utilizing 
two-dimensional arrays of photosensitive cells are 
structured so that sensor elements are grounded to a 
reference charge level and then permitted to accumu- 
late charge during an exposure period. Then, pursuant 
to a reading process, either all or selected cells (e.g., 
one half of the cells, in an interlaced configuration, or 
one line in a line-by-line readout arrangement) are sam- 
pled simultaneously to measure accumulated charge, 
with data temporarily stored and read out line-by-line se- 
quentially using a shift register arrangement. At step 

1 1 5, if no more cells require readout (e.g., all cells have 
been sampled simultaneously) the exposure illumina- 
tors are turned off. However, if the configuration is such 
that additional cells remain to be read, in this embodi- 
ment the system will return to steps 112 and 113. The 
exposure control device will then generate a start signal 
to initiate an exposure period for the next group of cells, 
which will be read out at the end of that exposure period. 
After reading a complete frame, the system will advance 
from step 115 to step 116 at which point the exposure 



illuminators are turned off. 

[0046] At step 117, processor unit 80 attempts to de- 
code the dataform utilizing image data consisting of im- 
age signals from array assembly 20 which have been 
digitized and stored in memory unit 82. If decoding is 
successful, at step 118 the decoded dataform informa- 
tion is made available for transmission out of the data- 
form reader 1 0 and an end-cycle signal is provided to 
terminate the reading cycle by turning off at least one of 
input power and clock signals as utilized by the array 
control unit 28. If the decoding is not successful, at step 
1 1 7 the reading cycle is reactivated or repeated starting 
at step 104, as indicated in Fig. 6. 
[0047] It should be noted that in step 1 1 7, if a dataform 
is in fact present in the captured image of the target area, 
it will typically be necessary to locate the dataform within 
the image to enable decoding. Location of the dataform 
image can be accomplished as described in U.S. patent 
No. 5,304,787, entitled "LOCATING 2-D BAR CODES", 
issued April 19, 1994, and having a common assignee. 
[0048] Consistent with the foregoing, a method, for 
use with a dataform reader including an array of sensing 
elements, includes all or selected ones of the following 
steps : 

(a) positioning in front of the array an optical filter 
transmissive to light from an exposure illuminator 
(described below) and effective to reduce transmis- 
sion in other portions of the ambient light spectrum; 

(b) initiating reading of selected sensor elements by 
providing input power and clock signals required for 
such reading; 

(c) illuminating a target area with an area of illumi- 
nation characterized by at least one of a size, a 
brightness and location which varies with the dis- 
tance between the array and the target area; 

(d) adjusting such distance to cause the area of il- 
lumination to be characterized by at least one of a 
size within a predetermined size range and a bright- 
ness within a predetermined brightness range and 
a location within a predetermined location range; 

(e) providing an in-focus signal when an image sig- 
nal from at least one sensing element indicates that 
the illumination is characterized as described in 
step (d); 

(f) turning on an exposure illuminator in response 
to the in-focus signal; 

(g) utilizing image signals from selected sensing el- 
ements, as representative of the level of reflected 
light, to provide a gain control signal to control the 
amplification of image signals from the array; 

(h) providing a stop signal when image signals from 
at least one sensing element Indicate reflection of 
a predetermined level of illumination from the target 
area; 

(i) upon complete exposure of the sensor cells, turn- 
ing off the exposure illuminator; and 

(j) processing image data, representing image sig- 
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nals from the array which have been digitized and 
stored in memory, to decode the dataform; 
(k) upon successful decoding of the dataform, pro- 
viding an end-cycle signal, ending sensor reading 
by terminating at least one of the input power and 5 
clock signals, and coupling decoded dataform infor- 
mation to an I/O module; and 
(I) if decoding is unsuccessful, repeating the meth- 
od from step (d). 

10 

[0049] Fig. 7 shows a flowchart corresponding to the 
device of Fig. 2. Steps 1 00 to 1 08 operate as previously 
described. After determining the in-focus condition at 
108 and generating an in-focus signal, the exposure il- 
luminators are turned on for a preset sample exposure « 
period and image data is collected at step 122. To do 
this, the exposure control device generates a sample 
exposure start signal whereby selected photo sensors 
are grounded to a reference charge and begin accumu- 
lating a sample charge. At the end of the preset expo- 20 
sure period, the exposure control device, a portion of 
which could simply be a timer for this purpose, gener- 
ates a stop signal whereby the sample accumulated 
charge on each selected sensor is read as image data. 
At 124, in response to image data collected during the 25 
sample exposure, the exposure control device deter- 
mines the appropriate duration of an adjustable expo- 
sure period. As discussed, the appropriate duration of 
the exposure period may be determined by accumulat- 
ing, via exposure unit 64a of Fig. 5, image data from the 30 
selected sensors and referring a resulting voltage level 
to a look up table stored in memory 82a. 
[0050] it will be appreciated that the level of reflected 
illumination will be determined by, among other possible 
factors, the reflectance of the target area. Such reflect- 35 
ance may be substantially higher or lower than an ex- 
pected or typical value in certain conditions of surface 
texture or coloration. Accordingly, it may be desirable to 
control the gain of image signals from the array, as well 
as the exposure period. This result can be provided by <o 
accumulating, via gain unit 60a of Fig. 5, image data 
from selected sensor elements and referring a signal 
representative thereof to a look-up table in memory 82a 
which, for particular levels of illumination reflected dur- 
ing the preset initial period, provides values for adjust- 45 
ment of image signal output gain. With an understanding 
of the invention, skilled persons will be enabled to pro- 
vide appropriate look-up tables utilizing empirical or oth- 
er techniques. Fig. 7 thus provides step 126 for using 
the sample image data to determine an appropriate gain so 
adjustment to apply to the output amplifier of the sensor 
array assembly. 

[0051] At 126 the device captures a single frame of 
image data. As discussed above, if the sensor array is 
structured so that all photosensor cells are referenced, ss 
exposed, and sampled in parallel to generate a full 
frame of data, then step 1 28 will consist of only one cycle 
of grounding, exposing and sampling the accumulated 



charge on the cells. At step 1 30 the exposure illuminator 
is turned off. As further discussed, if the photosensor 
array is structured so that only selected sensor elements 
may be read in parallel in a single cycle, the exposure 
control device will generate a plurality of start and stop 
signals corresponding to the predetermined exposure 
time as indicated by dashed path 128, as appropriate to 
complete the reading of all cells. After collecting a full 
frame of data, at 130 the exposure illuminators are 
turned off. If the data form is successfully decoded at 
1 32 the data transmission and termination of the reading 
cycle, including termination of at least one of the input 
power and clock signals utilized by the array control de- 
vice, proceed at step 134. 

[0052] Simplicity and efficiency of operation are en- 
hanced by automatic gain control, automatic no-shutter 
exposure control and automatic in-focus sensing on a 
hand-held, user positioned basis. Operative advantag- 
es include full resolution, full frame image capture on a 
single frame, automatic exposure (e.g., shutter speed) 
basis regardless of ambient light levels. Necessary gain 
adjustment can be sensed in a period of the order of 1 00 
microseconds. With single frame image capture, contin- 
uous image data transfer and data processing is avoid- 
ed. In addition to hand-held applications, the simplicity, 
cost and reliability advantages of imaging systems here- 
in described are readily adapted for use in. automated, 
fixed-position, non-attended applications for dataform 
reading and other imaging purposes. Additionally, the 
invention provides the advantage that, using available 
CMOS or other technology, the sensor array assembly 
20 and all or major portions of units 60, 62, 64 and 80 
can be fabricated on a single chip enhancing small size, 
light weight, ease of packaging and low power con- 
sumption (e.g., as low as one-tenth the power consump- 
tion of comparable CCD array components). This ena- 
bles provision of a small, lightweight, long operating pe- 
riod hand-held battery operated unit suitable for reading 
dataforms or other image capture applications. 

LINE EXPOSURE ARRANGEMENTS OF FIGS. 8 AND 
9 

[0053] Prior sensor array scanners focus an image of 
a target area onto a sensor array to simultaneously ex- 
pose all or half of the sensor elements. Thus, for exam- 
ple, image capture may be accomplished by simultane- 
ous exposure of all alternate lines of a sensor array fol- 
lowed by sequential read out on a line-by-line basis. This 
interlaced exposure approach is then completed by si- 
multaneously exposing the remaining lines in a second 
exposure period. In each step there is one exposure pe- 
riod, which subjects the image capture process to a 
number of potential problems or shortcomings. Nonuni- 
form image illumination or surface reflectivity can result 
In inclusion of image areas which are overexposed or 
underexposed when an exposure period is determined 
for the average illumination associated with an entire im- 
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age. Also, the exposure period may be initiated at a giv- 
en time and then continue for each line until the expo- 
sure time for that line is terminated by the image data 
being read out of the line of sensor elements. With this 
approach, as the lines are read out in sequence, the ex- 
posure time for the last line is significantly longer than 
for the first line. As a result the first line may be under- 
exposed and the last line overexposed to the point of 
toss of image data. 

[0054] Referring now to Fig. 8, there is shown an em- 
bodiment of a dataform reader including automatic line 
exposure features usable in the Fig. 2 dataform reader 
in accordance with the invention. As illustrated, the Fig. 
8 dataform reader includes an array 21c of sensor ele- 
ments, indicated typically at 140, which are readable to 
provide image signals. As shown, the sensor elements 
140 are arranged in a plurality of horizontal lines and 
vertical columns. 

[0055] The Fig. 8 dataform reader also includes an ar- 
ray control assembly corresponding generally to array 
control unit 28 of Fig. 2. As shown, the Fig. 8 array con- 
trol assembly comprises a line control shift register 142 
which is coupled to successive lines of the sensor ele- 
ments 140 byway of common horizontal conductors 143 
connected to flip-flop units 144-151 . Vertical columns of 
sensor elements 140 are also connected to common 
vertical conductors 152, which connect to grounding 
switches shown typically at 1 54 and to sample and hold 
amplifiers 1 56-1 62, via sensor readout switches shown 
typically at 168. The Fig. 8 dataform reader further in- 
cludes output shift register 1 66 arranged to successively 
activate the sensor readout switches, shown typically at 
1 68, individually connected to the flip-flop units 1 70-1 76, 
to cause image data stored in sample and hold amplifi- 
ers 156-162 to be successively coupled to output point 
178 for successive sensor elements 140 of a selected 
line of the array 21c. 

[0056] As illustrated, the Fig. 8 dataform reader in- 
cludes an exposure control system 64/80, generally cor- 
responding to the combination of exposure control de- 
vice 64 and processing unit 80 of Fig. 2, adapted to op- 
erate as will be described with reference to Fig. 8. As 
shown in Fig. 8, exposure control system 64/80 is ar- 
ranged to.control: sensor element line selection via shift 
register 142; reference potential grounding of columns 
of sensor elements via control of switches 164; readout 
of image signals from a selected line of sensor elements 
via switches 156-162; and output of image signals from 
successive sensor elements of a selected line by control 
of shift register 166, to control activation of sensor rea- 
dout switches 168 to couple image signals to output 
point 178. Output point 178 may typically be coupled to 
the input of digitizer 86 of Fig. 2, enabling the image data 
to be stored in memory 82 for decoding, transmission 
or other use. Exposure control system 64/80 is also cou- 
pled to output point 1 78, via conductor 1 80, so as to en- 
able an averaged image signal level to be obtained from 
a particular line of the sensor elements 1 40. Such image 



signal level is thus made available for use in determining 
the exposure time for a subsequent line or subset of 
lines of sensor elements. Basic construction and oper- 
ation of the sensor array and related portions of the Fig. 
5 8 dataform reader are as described in the US patent no. 
5,831 ,674 "Oblique Access to image Data for Reading 
Bar Codes" or familiar to skilled persons, except to the 
extent of aspects unique to the present invention, which 
will be described in further detail. 
[0057] Operation of the Fig. 8 dataform reader can be 
more fully described with reference to the Fig. 9 flow 
chart. At step 200 operation is initiated by a user acti- 
vated trigger signal in order to read a dataform in the 
form of a bar code printed within a target area on a sur- 
face, for example. At 210 exposure illuminators, such 
as shown at 54 in Fig. 2, are turned on to illuminate the 
bar code within the target area. 
[0058] At step 220A, exposure control system 64/80 
of Fig. 8, acting by way of control signals provided to 
shift register 142, flip-flop 144 and grounding switches 
1 54, couples each of the sensor elements in the first hor- 
izontal line of the elements 140 to a reference potential 
(e.g., to ground) in order to remove any accumulated 
charge on the first line of elements (e.g., photo cells). In 
this manner, the signal from exposure control system 
64/80 which is effective to close the. grounding switches 
1 54 acts as an exposure start signal for the first line of 
sensor elements 140 which are connected to flip-flop 
1 44. Thus, as illumination provided at step 21 0 is reflect- 
ed onto the array of sensor elements, the exposure pe- 
riod for the first line of elements begins immediately after 
those elements are set to reference potential at step 
220A and then begin to accumulate charge represent- 
ative of the level of illumination reflected from different 
portions of the bar code in the target area. 
[0059] At step 222A charge is accumulated on the 
sensor elements of the first line in an exposure period. 
This initial exposure period for the first line may be de- 
termined in any appropriate averaged, standardized or 
othermannerto initiate the image data readout process. 
At step 224A an exposure stop signal is provided to the 
readout switches 1 64, via conductor 1 63, to cause each 
one of the sensor elements in the first line connected to 
flip-flop unit 144 to be coupled to a respective one of the 
sample and hold amplifiers 156-162. Image data is 
thereby simultaneously read out of all of the sensor el- 
ements of the first line, with the image data from each 
sensor element respectively held in one of the amplifiers 
1 56-1 62. The exposure period for each sensor element 
of the first line is thus initiated by the exposure start sig- 
nal causing the elements to be grounded and simulta- 
neously terminated when exposure stop signal causes 
the elements to be read into the sample and hold am- 
plifiers. 

[0060] At step 226A shift register 166 is activated to 
control flip-flop units 1 70-1 76 which sequentially actuate 
the switches 168 to cause a signal comprising a se- 
quence of data representative of the level of image sig- 
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nals read from the individual sensor elements of the first 
line to be coupled to output point 178. 
[0061] The same series of steps, denoted at 220B, 
222B, 224B and 226B in Fig. 9, are carried out for the 
second line of sensor elements. As represented in Fig. 
9, because the exposure period required to appropriate- 
ly expose a line, of cells is longer than the time required 
to sample the cells to read the image data and output 
the data to output point 1 78, the controlled exposure pe- 
riod for the next line of sensor elements is initiated dur- 
ing the preceding exposure period. Thus, with the pas- 
sage of time represented in a downward direction in Fig. 
9, it will be seen that the exposure periods 222A, 222B 
and 222C for the first three lines of sensor elements be- 
gin on a successive time-stepped sequence so that the 
exposure period 222B overlaps the exposure period 
222A for the preceding line of sensor elements in this 
example. Fig. 9 is provided for illustrative purposes and 
actual timing relationships may be different than those 
shown. The timing is controlled so that the first, second 
and third lines are read and the resulting image coupled 
to output 178 in succession, so as to produce a stream 
of image data. In this way, image data for each succes- 
sive sensor element of the second line follows the cor- 
responding image data for the first line, etc., without in- 
terference. This is accomplished under the control of a 
sequence of exposure periods determined by exposure 
start and stop signals provided for each line of sensor 
elements, respectively by the exposure control system 
64/80. The sequence of overlapping time controlled ex- 
posure periods for successive lines continues until all 
lines have been exposed, read and image data coupled 
to output point 1 78, as represented by corresponding 
steps 220N, 222N, etc. implemented for the last, or bot- 
tom line, denoted line N. 

[0062] At step 228 the exposure illumination is turned 
off. At 230 the dataform reader checks for a successful 
decoding of the bar code present in the target area in 
this example. If the bar code has been successfully de- 
coded the decoded data is provided, at step 232, to the 
Fig. 2 output port 92. If the decoding is found to have 
been unsuccessful in providing the level of decoded da- 
ta desired, at step 230 the operation Is returned to step 
210 and the illumination is turned on for an iteration of 
the process. 

[0063] With an understanding of the basic exposure 
and reading process, attention is again directed to the 
dataform reader as shown in Fig. 8. Assume the first line 
of sensor elements has been exposed, read and the re- 
sulting image data coupled to output point 178 for cou- 
pling to digitizer 86 of Fig. 2 for further processing and 
use. As shown, a representation of the first line image 
data is also coupled to the exposure control system 
64/80, via conductor 1 80. By monitoring the level of such 
image data representative of the first line, an appropri- 
ate exposure period can be determined for a subse- 
quent line and used for determining the exposure start 
and stop periods for that subsequent line. For example, 



since the Fig. 9 illustration shows the third line exposure 
period 222C beginning after the step 226A output from 
the first line, exposure information derived from the first 
line image signal level can be used for controlling the 

5 exposure period used for the third line. Alternatively, in- 
stead of independently determining the exposure period 
for each successive line individually, the exposure infor- 
mation derived from the first line image signal level can 
be used for controlling the exposure period for a subse- 

10 quent subset of lines, for example the third, fourth and 
fifth lines. This line subset approach provides exposure 
period accuracy between that provided by a single full 
image (or interleaved image) exposure period and the 
higher accuracy possible by use of an exposure period 

is determined for each subsequent line individually. Devel- 
opment of the exposure information can be carried out 
by averaging the level of image data for a plurality of 
sensor elements of a given line and utilizing a look-up 
table arrangement, as discussed with reference to Fig. 

20 5, to determine the actual duration of an appropriate ex- 
posure period for a subsequent line, or subset of lines, 
of sensor elements. In utilizing such an exposure period 
for exposure of a subset of three lines, for example, each 
line can be grounded in series and read out in series 

25 successively, using the same exposure period as deter- 
mined from the level of the first line image data. 
[0064] Addressing the operation of the Fig. 8 arrange- 
ment more particularly, exposure control system 64/80 
is effective to send control signals to line control shift 

30 register 1 42 to determine which line (e.g. , the horizontal 
line of sensor elements coupled to flip-flop unit 144) 
should have the voltage driven high and which lines (e. 
g., all remaining lines of sensor elements) should have 
the voltage driven low. Under control of the shift register 

35 142, the respective flip-flop units 144-151 drive the sen- 
sor element line voltages appropriately. When a line is 
driven high, the charge accumulated on each sensor el- 
ement in that line is transferred to the respective one of 
the vertical conductors 1 52 connected to that sensor el- 

40 ement. When a horizontal line is driven high, the expo- 
sure control system 64/80 also sends a signal to either 
the grounding switches 1 54 or the readout switches 1 64. 
In the first case, the charge transferred to each respec- 
tive vertical conductor 152 is grounded. In the latter 

4* case, each sensor element of the selected line is read 
by having charge. from it coupled to the respective one 
of the sample and hold amplifiers 1 56-1 62, so that a rep- 
resentation of image data on each sensor element is 
saved in the amplifiers 156-162 as a voltage level for 

50 later output coupling. 

[0065] At the beginning of an exposure period a se- 
lected line is driven high and the grounding switches 1 54 
are closed in response to an exposure start signal pro- 
vided via conductor 155, in order to initiate a line expo- 

55 sure period. At the end of the exposure period, the line 
is driven high and the readout switches 164 to the sam- 
ple and hold amplifiers 156-162 are closed by an expo- 
sure stop signal provided via conductor 1 63. After a line 
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of image data is collected in the sample and hold ampli- 
fiers, the exposure control system 64/80 causes the im- 
age data read from each sensor element to be sequen- 
tially coupled to the output point 178. This is accom- 
plished by control signals sent to readout shift register 
166, which controls flip-flop units 170-176. The flip-flop 
units each connect to one of the output switches 168, 
so that the image data held in each of amplifiers 1 56-1 62 
can be coupled sequentially to output point 178. In this 
manner, with appropriate timing, image data from each 
sensor element in a horizontal line and from successive 
lines of elements can be coupled to output point 178 on 
a continuous sequential basis to provide image data 
representative of a complete frame. From output point 
1 78 the image data is provided for further processing as 
previously discussed and also provided as an input to 
exposure control system 64/80 for use in determining 
exposure periods and providing appropriate exposure 
start and stop signals. 

[0066] Pursuant to the foregoing, a method, for use 
with a dataform reader including X lines of sensor ele- 
ments arranged in an array, may desirably include the 
following steps: 

(a) reading image signals from sensor elements of 
a selected line of sensor elements; 

(b) utilizing the level of image signals read in step 
(a) to determine an exposure period; 

(c) utilizing such exposure period to control the du- 
ration of exposure to illumination reflected from a 
target area onto a first subset of Y lines of sensor 
. elements, where Y is at least one and less than X; 

and 

(d) repeating steps (a) through (c) substituting in 
step (a) image signals from a line subsequent to 
said selected line, and in step (c) utilizing the expo- 
sure period to control the duration of exposure of a 
second subset of Y lines subsequent to the first sub- 
set of Y lines. 

[0067] For example, with Y equal to three, each line 
of sensor elements of a subset of three lines can be ex- 
posed for an identical exposure period determined on 
the basis of the level of image signals read from an ear- 
lier selected line of sensor elements. Also, where Y 
equalsone, each subset of one line of sensor elements 
can be exposed for an exposure period determined on 
the basis of the level of image signals read from an ear- 
lier selected line of sensor elements, so that the expo- 
sure period for each line is independently determined. 
[0068] While there have been described the currently 
preferred embodiments of the invention, those skilled in 
the art will recognize that other and further modifications 
may be made without departing from the invention and 
it is intended to claim ail modifications and variations as 
fall within the scope of the invention. 



Claims 

1. A dataform reader, usable to read a dataform in a 
target area at a distance from said reader and 
5 wherein exposures of successive lines of sensor el- 
ements are initiated sequentially, comprising: 



an array (21c) of sensor elements including a 
plurality of lines of sensor elements (140) for 
10 providing image signals representative of an 

image; 

at least one exposure illuminator (54) arranged 
to illuminate said target area; 
a focusing device (56) positioned in front of said 
is array and arranged to focus on said array illu- 

mination reflected from at least a portion of said 
dataform when said distance is within a focus 
range; 

an array control assembly (1 42/1 66) coupled to 
20 said array and arranged to initiate exposure of 

a line of sensor elements by causing sensor el- 
ements of said line to be set to a reference po- 
c tential in response to an exposure start signal 
and to cause image signals to be read from sen- 
25 sor elements of said line in response to an ex- 

posure stop signal and coupled to an output 
point (178); 

an exposure control system (64/80) coupled to 
said array control assembly and arranged to 

30 provide said exposure start and stop signals to 

said array control assembly to implement said 
exposure periods in a sequence for said image, 
causing the exposure period (222A) for one line 
of sensor elements to overlap the exposure pe- 

35 nod (222B) for at least one subsequent line of 

sensor elements; and 

a processing unit (80) coupled to said output 
point and arranged to process said image sig- 
nals to decode said dataform. 

40 

2. A dataform reader as in claim 1 , wherein said ex- 
posure control system (64/80) provides said start 
signals to said array control assembly (1 42/1 66) for 
successive lines of sensor elements at predeter- 

45 mined uniform time intervals. 

3. A dataform reader as in claim I or 2, wherein said 
array control assembly comprises a line control shift 
register unit (142) enabling individual element sen- 

50 sor lines of said array to be selected for one of read- 
ing and coupling to said reference potential, and a 
readout shift register unit (166) enabling individual 
element sensors to be selected for coupling of im- 
age values to said output point. 

55 

4. A dataform reader as in claim 1 , 2 or 3, wherein said 
exposure control system (64/80) is coupled to said 
output point and is successively responsive to the 
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level of image signals read from a selected line of 
sensor elements to determine exposure period du- 
ration for at least one line of sensor elements sub- 
sequent to said selected line, based on the level of 
image signals from said selected line, and is ar- 
ranged to provide said start and stop signals to im- 
plement exposure period durations for successive 
lines of sensor elements. 

5. A dataform reader as in claim 4, wherein said ex- 
posure control system (64/80) is arranged to utilize 
the image signals from a plurality of sensor ele- 
ments of a selected line of said array to develop an 
average image signal level which is usable for de- 
termining an exposure period for one of the follow- 
ing: a single subsequent line of sensor elements, a 
plurality of successive lines of sensor elements. 

6. A dataform reader as in claim 4 or 5, additionally 
comprising a memory unit (82) storing a look-up ta- 
ble of line exposure periods versus average image 
signal levels. 

7. A dataform reader as in claim i, 2, 3, 4, 5 or 6, ad- 
ditionally comprising a plurality of sample and hold 
amplifiers (1 56-1 62), each usable between one col- 
umn of sensor elements of said array and said out- 
put point. 

8. A dataform reader, wherein exposures of succes- 
sive lines of sensor elements are initiated sequen- 
tially, comprising: 

an array (21c) of sensor elements including a 
plurality of lines of sensor elements (140) for 
providing image signals representative of an 
image; 

an array control assembly (1 42) an anged to in- 
itiate exposure of a line of sensor elements by 
causing sensor elements of said line to be set 
to a reference potential in response to an ex- 
posure start signal and to cause image signals 
to be read from sensor elements of said line in 
response to an exposure stop signal and cou- 
pled to an output point (178), and 
an exposure control system (64/80) coupled to 
said output point and successively responsive 
to the level of image signals for said image read 
from a selected line of sensor elements to de- 
termine an exposure period for at least one line 
of sensor elements subsequent to said select- 
ed line, based on the level of image signals from 
said selected line, and arranged to provide said 
exposure start and stop signals to said array 
control assembly to implement said exposure 
periods for successive lines of sensor ele- 
ments. 



9. A dataform reader as in claim 8, wherein said. ex- 
posure control system (64/80) is arranged to utilize 
the image signals from a plurality of sensor ele- 
ments (140) of a selected line of said array to de- 

5 velop an average image signal level which is usable 
for determining an exposure period for one of the 
following: a single subsequent line of sensor ele- 
ments, a plurality of successive lines of sensor ele- 
ments. 

w 

10. A dataform reader as in claim 8 or 9, additionally 
comprising a memory unit (80) storing a look-up ta- 
ble of line exposure periods versus average image 
signal levels. 

15 

11. A method, for use with a dataform reader including 
an array (21c) of sensor elements and wherein ex- 
posure of successive lines of sensor elements is in- 
itiated sequentially, comprising the following steps: 

(a) causing illumination (210) of a target area 
including a dataform image to be reflected onto 
said array of sensor elements; 

(b) coupling a first line of sensor elements to a 
reference potential (220A) in response to an ex- 
posure start signal; 

(c) accumulating charge on sensor elements of 
said first line in an exposure period (222A); 

(d) terminating said first line exposure period 
(224A) by reading image signals from sensor 
elements of said first line in response to an ex- 
posure stop signal; 

(e) coupling said first line image signals (226A) 
to an output point; 

(f) repeating steps (b) through (d) for succes- 
sive lines of sensor elements (220B, 222B, 
224B; 220C, 222C, 224C), with step (b) for 
each successive line of sensor elements being 
initiated during the step (c) exposure period for 
the respective preceding line of sensor ele- 
ments, thereby resulting in partially overlapping 
exposure periods; 

(g) coupling image signals from successive 
lines of sensor elements (226B; 226C) to said 
output point in sequence following image sig- 
nals from the respective preceding line; and 

(h) terminating said reflection of illumination 
(228) onto said array of sensor elements. 

12. A method as in claim 11 , wherein step (a) includes 
turning on illumination of said target area to provide 
reflected illumination and step (h) includes turning 
off said illumination after image signals have been 
• read from all lines of sensor elements of said array. 

13. A method as in claim 1 1 or 1 2, additionally including 
the following steps between steps (e) and (f): 
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(x) determining an averaged level of first line 
image signals as coupled to said output point 
in step (e); 

(y) utilizing said averaged image signal level to 
determine the timing of an exposure stop signal * 
applied in a repetition of step (d) to terminate 
the exposure period for at least one line of sen- 
sor elements subsequent to said first line. 

14. A method as in claim 13, wherein step (y) includes M> 
using a look-up table to determine the timing of said 
exposure stop signal based upon said averaged im- 
age signal level. 

15. A method as in claim 13, wherein in step (y) said '5 
averaged image signal is used to determine the tim- 
ing of an exposure stop signal applied to terminate 
the exposure period of a subsequent line of sensor 
elements at least one line removed from the line 
whose image signal level is averaged in step (x). 20 

16. A method, for use with a dataform reader including 
X lines of sensor elements arranged in an array, 
comprising the following steps: 

25 

(a) reading image signals from sensor ele- 
ments of a selected line of sensor elements, 
said image signals including image signals rep- 
resentative of at least a portion of a dataform; 

(b) utilizing the level of image signals read in 30 
step (a) to determine an exposure period; 

(c) utilizing said exposure period to control the 
duration of exposure to illumination reflected 
from a target area onto a first subset of Y lines 

of sensor elements, where Y is at least one and 35 
less than X; 

(d) reading image signals from sensor ele- 
ments of a line subsequent to said selected line; 

(e) utilizing the level of image signals read in 
step (d) to determine an exposure period; and ■ <o 

(f) utilizing said exposure period determined in 
step (e) to control the duration of exposure to 
illumination of a second subset of Y lines of sen- 
sor elements subsequent to said first subset of 

Y lines. 45 

17. A method as in claim 16, wherein the exposure pe- 
riods determined in steps (b) and (e) are respective- 
ly utilized in steps (c) and (f) as the exposure peri- 
ods for each of a plurality of lines comprising a sub- so 
set of Y lines, each line being individually exposed 

for said exposure period. 



Patentanspriiche 

1. Datenform-Leser, der zum Lesen einer Datenform 
in einem Zielgebiet in einem Abstand von dem Le- 
ser verwendbar ist und bei dem Belichtungen von 
sukzessiven Zeilen von Sensorelementen sequen- 
tiell initiiert werden, umfassend: 

ein Array (21c) von Sensorelementen mit einer 
Vielzahl von Zeilen von Sensorelementen 
(140) zum Bereitstellen von Bildsignalen, die. 
ein Bild darstellen; 

wenigstens einen Belichtungsbeleuchter (54), 
der zum Beleuchten des Zielgebiets angeord- 
net ist; 

eine Fokussierungseinrichtung (56), die vor 
dem Array positioniert und angeordnet ist, urn 
eine Beleuchtung, die von wenigstens einem 
Abschnitt der Datenform reflektiert wird, auf 
dem Array zu fokussieren, wenn der Abstand 
innerhalb eines Fokusbereichs ist; 

einen Arraysteueraufbau (142/166), der mit 
dem Array gekoppelt und angeordnet ist, urn ei- 
ne Beiichtung einer Zeile von Sensorelemen- 
ten zu initiieren, indem bewirkt wird, dass Sen- 
sorelemente der Zeile auf ein Referenzpoten- 
zial im Ansprechen auf ein Belichtungsstartsi- 
gnalgesetzt werden, und umzu bewirken, dass 
Bildsignale von den Sensorelementen der Zeile 
im Ansprechen auf ein Belichtungsstoppsignal 
gelesen und an einen Ausgangspu nkt (1 78) ge- 
koppelt werden; 

ein Belichtungssteuersystem (64/80), das mit 
dem Arraysteueraufbau gekoppelt und ange- 
ordnet ist, um Belichtungsstart- und -stoppsi- 
gnale an dem Arraysteueraufbau bereitzustel- 
len, um die Beiichtungsperioden in einer Se- 
* quenz fur das Bild zu implementieren, wobei 
bewirkt wird, dass die Belichtungsperiode 
(222A) fur eine Zeile von Sensorelementen mit 
der Belichtungsperiode (222B) fur wenigstens 
eine nachf olgende Zeile von Sensorelementen 
uberlappt; und 

erne Verarbeitungseinheit (80), die mit dem 
Ausgangspunkt gekoppelt und angeordnet ist, 
um die Bildsignale zum Dekodieren der Daten- 
form zu verarbeiten. 
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18. A method as in claim 16 or 17, wherein steps (b) 2. Datenform-Leser nach Anspruch 1 , wobei das Be- 

and (e) include using a look-up table to determine ss lichtungssteuersystem (64/80) die Startsignale an 

said exposure periods based upon an averaged val- dem Arraysteueraufbau (1 42/1 66) fiir sukzessive 

ue of the level of image signals read in steps (a) and Zeilen von Sensorelementen zu vorgegebenen 

(d) respectively. gleichformigen Zeitintervallen bereitstellt. 
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3. Datenform-Leser nach Anspruch 1 Oder 2, wobei 
der Arraysteueraufbau eine Zeilensteuerungs- 
Schieberegistereinheit (142), die ermoglicht, dass 
einzelne Elementsensorzeilen des Arrays fur ein 
Lesen oder ein Koppeln mit dem Referenzpotenzial 
gewahft werden, und eine Auslese-Schieberegi- 
stereinheit (1 66), die ermoglicht, dass einzelne Ele- 
mentsensoren fur eine Kopplung von Bildwerten mit 
dem Ausgangspunkt gewahlt werden, umfasst. 

4. Datenform-Leser nach Anspruch 1 , 2-oder 3, wobei 
das Belichtungssteuersystem (64/80) mit dem Aus- 
gangspunkt gekoppelt ist und sukzessive auf den 
Pegel von Bildsignalen anspricht, die von einer ge- 
wahlten Zeile von Sensorelementen gelesen wer- 
den, urn eine Belichtungsperiodendauer fur wenig- 
stens eine Zeile von Sensorelementen nach der ge- 
wahlten Zeile auf Grundlage des Pegels von Bildsi- 
gnalen von der gewahlten Zeile zu bestimmen, und 
angeordnet ist, urn die Start- und Stoppsignale zum 
Implementieren von Belichtungsperiodendauern 
fur sukzessive Zeilen von Sensorelementen bereit- 
zustellen. 

5. Datenform-Leser nach Anspruch 4, wobei das Be- 
lichtungssteuersystem (64/80) angeordnet ist, urn 
die Bildsignale von einer Vielzahl von Sensorele- 
menten einer gewahlten Zeile des Arrays zu ver- 
wenden, urn einen gemittelten Bildsignalpegel zu 
entwickeln, der zum Bestimmen einer Belichtungs- 
periode fur eine der fotgenden verwendbar ist: eine 
einzelne nachfolgende Zeile von Sensorelemen- 
ten, eine Vielzahl von aufeinanderfolgenden Zeilen 
von Sensorelementen. 

6. Datenform-Leser nach Anspruch 4 oder 5, zusatz- 
lich umfassend eine Speichereinheit (82), die eine 
Nachschiagtabelle von Zeilenbelichtungsperioden 
gegenuber durchschnittlichen Bildsignalpegein 
speichert. 

7. Datenform-Leser nach Anspruch 1 , 2, 3, 4, 5 oder 
6, zusatzlich umfassend eine Vielzahl von Abtast- 
und Halte-Verstarkem (156-162), die jeweils zwi- 
schen einer Spalte von Sensorelementen des Ar- 
rays und dem Ausgangspunkt verwendbar sind. 

8. Datenform-Leser, bei dem Belichtungen von suk- 
zessiven Zeilen von Sensorelementen sequentiell 
initiiert werden, umfassend: 

ein Array (21c) von Sensorelementen mit einer 
Vielzahl von Zeilen von Sensorelementen 
.(140) zum Bereitstellen von Bildsignalen, die 
ein Bild darstellen; 

einen Arraysteueraufbau (142), der angeord- 
net ist, um eine Belichtung einer Zeile von Sen-. 
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sorelementen zu initiieren, indem bewirkt wird; 
dass Sensorelemente der Zeile auf ein Refe- 
renzpotenzial im Ansprechen auf ein Belich- 
tungsstartsignal gesetzt werden, und um zu be- 
5 wirken, dass Bildsignale von den Sensorele- 

menten der Zeile im Ansprechen auf ein Belich- 
tungsstoppsignal ausgetesen und mit einem 
Ausgangspunkt (178) gekoppelt werden, und 

10 ein Belichtungssteuersystem (64/80), das mit 

dem Ausgangspunkt gekoppelt ist und sukzes- 
sive auf den Pegel von Bildsignalen fur das 
Bild, das aus einer gewahlten Zeile von Senso- 
relementen ausgelesen wird, anspricht, um ei- 

15 ne Belichtungsperiode fur wenigstens eine Zei- 

le von Sensorelementen nach der gewahlten 
Zeile zu bestimmen, auf Grundlage des Pegels 
von Bildsignalen von der gewahlten Zeile, und 
angeordnet ist, um die Belichtungsstart- und 

20 -stoppsignale an dem Arraysteueraufbau be- 

reitzustellen, um die Belichtungsperioden fur 
sukzessive Zeilen von Sensorelementen zu im- 
plementieren. 

25 9. Datenform-Leser nach Anspruch 8, wobei das Be- 
lichtungssteuersystem (64/80) angeordnet ist, um 
die Bildsignale von einer Vielzahl von Sensorele- 
mente (140) einer gewahlten Zeile des Arrays zu 
verwenden, um einen durchschnittlichen Bildsi- 

30 gnalpegel zu entwickeln, der zum Bestimmen einer 
Belichtungsperiode fur eine der folgenden ver- 
wendbar ist: eine einzelne nachfolgende Zeile von 
Sensorelementen, eine Vielzahl von sukzessiven 
Zeilen von Sensorelementen. 

35 

10. Datenform-Leser nach Anspruch 8 oder 9, zusatz- 
lich umfassend eine Speichereinheit (80), die eine 
Nachschiagtabelle von Zeilenbelichtungsperioden 
gegenuber durchschnittlichen Bildsignalpegein 

40 speichert. 

11. Verfahren zur Verwendung mit einem Datenform- 
Leser mit einem Array (21c) von Sensorelementen 
und bei dem eine Belichtung von sukzessiven Zei- 

45 len von Sensorelementen sequentiell initiiert wird, 
umfassend die folgenden Schritte: 

(a) Bewirken, dass eine Beleuchtung (210) ei- 
nes Zielgebiets mit einem Datenform-Bild auf 

so das Array von Sensorelementen reflektiert 

wird; 

(b) Koppeln einer ersten Zeile von Sensorele- 
menten mit einem Referenzpotenzial (220A) im 

55 Ansprechen auf ein Belichtungsstartsignal; 

(c) Sammeln einer Ladung auf den Sensorele- 
menten der ersten Zeile in einer Belichtungs- 
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periode (222A); 

(d) Beenden der Belichtungsperiode (224A) 
der ersten Zeile durch Lesen von Bildsignalen 
von Sensorelementen der ersten Zeile im An- 
sprechen auf ein Belichtungsstoppsignal; 

(e) Koppeln der Bildsignale (226A) der ersten 
Zeile mit einem Ausgangspunkt; 

(f) Wiederhoien der Schritte (b) bis (d) fur suk- 
zessive Zeilen von Sensorelementen (220B, 
222B, 224B; 220C, 222C, 224C), wobei der 
Schritt (b) fur jede sukzessive Zeile von Senso- 
relementen wahrend der Belichtungsperiode 
des Schritts (c) fur die jeweilige vorangehende 
Zeile von Sensorelementen initiiert wird, was 
dadurch zu teilweise Oberiappenden Belich- 
tungsperioden fuhrt; 

(g) Koppeln von Bildsignalen von sukzessiven 
Zeilen von Sensorelementen (226B; 226C) mit 
dem Ausgangspunkt in einer Sequenz Bildsi- 
gnalen von der jeweiligen vorangehenden Zeile 
erfoigend; und 

(h) Beenden der Reflexion der Beleuchtung 
(228) auf das Array der Sensorelemente. 

12. Verfahren nach Anspruch 11 , wobei der Schritt (a) 
das Einschalten einer Beleuchtung des Zielgebiets 
zum Bereitstellen einer refiektierten Beleuchtung 
umfasst und der Schritt (h) das Ausschalten der Be- 
leuchtung, nachdem Bildsignale von samtlichen 
Zeilen von Sensorelementen des Arrays gelesen 
worden sind umfasst. 

13. Verfahren nach Anspruch 11 oder 12, zusatzlich 
umfassend die folgenden Schritte zwischen den 
Schritten (e) und (f): 

(x) Bestimmen eines gemittelten Pegels der 
Bildsignale der ersten Zeile, wie mit dem Aus- 
gangspunkt im Schritt (e) gekoppelt; 
(y) Verwenden des gemittelten Bildsignalpe- 
gels zum Bestimmen der Steuerzeit eines Be- 
lichtungsstoppsignals, das bei einer Wiederho- 
iung des Schritts (d) angewendet wird, urn die 
Belichtungsperiode fur wenigstens eine Zeile 
von Sensorelementen nach der ersten Zeile zu 
beenden. 

14. Verfahren nach Anspruch 13, wobei der Schritt (y) 
das Verwenden einer Nachschlagtabelle zum Be- 
stimmen der Steuerzeit des Belichtungsstoppsi- 
gnals auf Grundlage des gemittelten Bildsignalpe- 
gels umfasst. 



15. Verfahren nach Anspruch 13, wobei im Schritt (y) 
das gemittelte Bildsignal zum Bestimmen der Steu- 
erzeit eines Belichtungsstoppsignals verwendet 
wird, das zum Beenden der Belichtungsperiode ei- 
5 ner nachfolgenden Zeile von. Sensorelementen, 
wenigstens eine Zeile entfernt von der Zeile, des- 
sen Bildsignalpegel im Schritt (x) gemittelt wird, an- 
gewendet wird. 

io 16. Verfahren zur Verwendung mit einem Datenform- 
Leser mit X-Zeilen von Sensorelementen, die in ei- 
nem Array angeordnet sind, umfassend die folgen- 
den Schritte: 

'5 (a) Lesen von Bildsignalen von Sensorelemen- 

ten einer gewahlten Zeile von Sensorelemen- 
ten, wobei die Bildsignale Bildsignale enthal- 
ten, die wenigstens einen Abschnitt einer Da- 
tenform darstellen; 

(b) Verwenden des Pegels von Bildsignalen, 
die im Schritt (a) gelesen werden, urn eine Be- 
lichtungsperiode zu bestimmen; 

(c) Verwenden der Belichtungsperiode zum 
Steuern der Dauer einer Belichtung zu einer 
Beleuchtung, die von einem Zielgebiet auf ei- 
nen ersten Untersatz von Y-Zeilen der Senso- 
relemente reflektiert wird, wobei Y wenigstens 
Eins und kleiner als X ist; 

(d) Lesen von Bildsignalen von Sensorelemen- 
ten von einer Zeile nach der gewahlten Zeile; 

(e) Verwenden des Pegels von Bildsignalen, 
die im Schritt (d) gelesen werden, urn eine Be- 
lichtungsperiode zu bestimmen; 

(f) Verwenden der Belichtungsperiode, die im 
Schritt (e) bestimmt wird, urn die Dauer einer 
Belichtung zu einer Beleuchtung eines zweiten 
Untersatzesvon Y-Zeilen von Sensorelemen- 
ten nach dem ersten Untersatz von Y-Zeilen zu 
steuern. 

17. Verfahren nach Anspruch 16, wobei die Belich- 
tungsperioden, die in den Schritten (b) und (e) be- 
stimmt werden, jeweils in den Schritten (c) und (f) 
als die Belichtungsperioden fur jede einer Vielzahl 
von Zeilen, umfassend einen Untersatz von Y-Zei- 
len, verwendet werden, wobei jede Zeile individuell 
fur die Belichtungsperiode beiichtet wird. 

18. Verfahren nach Anspruch 16 oder 17, wobei die 
Schritte (b) und (e) das Verwenden einer Nach- 
schlagtabelle zum Bestimmen der Belichtungsperi- 
oden auf Grundlage eines gemittelten Werts des 
Pegels von Bildsignalen, die jeweils in den Schritten 
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(a) und (d) gelesen werden, zu bestimmen. 



Revendi cations 

1 . Lecteur de forme de donnees qui peut etre utilise 
pour lire une forme de donnees dans une zone cible 
a une certaine distance dudit lecteur et dans lequel 
des expositions de lignes successives d'elements 
de capteur sont initiees sequentiellement, compre- 
nant: 

un reseau (21c) d'elements de capteur incluant 
une pluralite de lignes d'elements de capteur 
(1 40) pour produire des signaux d'image repre- 
sentatifs d'une image; 

au moins un moyen d'eclairement d'exposition 
(54) agence pour eclairer ladite zone cible; 

un dispositif de focalisation (56) positionne de- 
vant ledit reseau et agence pour focaliser sur 
ledit reseau un eclairement qui est r^flechi de- 
puis au moins une partie de ladite forme de 
donnees lorsque ladite distance est dans une 
plage de focalisation; 

un assemblage de commande de reseau 
(1 42/1 66) couple audit reseau et qui est agence 
pour initier une exposition d'une ligne d'ele- 
ments de capteur en faisant en sorte que des 
elements de capteur de ladite ligne soient eta- 
blis a un potentiei de reference en reponse a 
un signal de debut d'exposition et pour f aire en 
sorte que des signaux d'image soient lus a par- 
tir d'elements de capteur de ladite iigne en re- 
ponse a un signal d'arret d'exposition et soient 
couples a un point de sortie (178); 

un systeme de commande d'exposition (64/80) 
couple audit assemblage de commande de re- 
seau et agencd pour appliquer lesdits signaux 
de debut et d'arret d'exposition sur ledit assem- 
blage de commande de reseau afin de mettre 
en oeuvre lesdites periodes d'exposition selon 
une sequence pour ladite image, ceci ayant 
pour effet que la periode d'exposition (222A) 
pour une ligne d'elements de capteur chevau- 
che la periode d'exposition (222B) pour au 
moins une ligne suivante d'elements de cap- 
teur; et 

une unite detraitement (80) couplee audit point 
de sortie et agencee pour traiter lesdits signaux 
d'image afin de decoder ladite forme de don- 
nees. 

2. Lecteur de forme de donnees selon la revendication 



1 , dans lequel ledit systeme de commande d'expo- 
sition (64/80) applique lesdits signaux de debut sur 
ledit assemblage de commande de reseau 
(142/166) pour des lignes successives d'elements 
5 de capteur a des intervalles temporels uniformes 
predetermines. 

3. Lecteur de forme de donnees selon 1a revendication 
1 ou 2, dans lequel ledit assemblage de commande 

10 de reseau comprend une unite de registre a d6ca- 
lage de commande de ligne (142) qui permet la se- 
lection de lignes d'elements de capteur individuel- 
les dudit reseau pour soit une lecture, soit un cou- 
plage audit potentiei de reference, et une unite de 

15 registre a d6calage de lecture (166) qui permet la 
selection de d'elements de capteur individuels pour 
un couplage de valeurs d'image audit point de sor- 
tie. 

20 4. Lecteur de forme de donnees selon la revendication 
1 , 2 ou 3, dans lequel ledit systeme de commande 
d'exposition (64/80) est couple audit point de sortie 
et est sensible en succession au niveau de signaux 
d'image qui sont lus a partir d'une ligne selection- 

25 n ee d'elements de capteur afin de determiner une 
duree de periode d'exposition pour au moins une 
ligne d'elements de capteur qui suit ladite ligne se- 
lectionnee, sur la base du niveau de signaux d'ima- 
ge en provenance de ladite ligne seiectionn6e, et 

30 est agence pour appliquer lesdits signaux de debut 
et d'arret afin de mettre en oeuvre des dur6es de 
. periode d'exposition pour des lignes successives 
d'elements de capteur. 

35 5. Lecteur de forme de donnees selon la revendication 
4, dans lequel ledit systeme de commande d'expo- 
sition (64/80) est agence pour utiliser les signaux 
d'image en provenance d'une pluralite d'6l6ments 
de capteur d'une iigne seiectionnee dudit reseau 

40 afin de developper un niveau de signal d'image 
moyen qui peut etre utilise pour determiner une pe- 
riode d'exposition pour Tun des elements qui sui- 
vent: une unique ligne suivante d'6l6ments de cap- 
teur, une pluralite de lignes successives d'elements 

45 de capteur. 

6. Lecteur de forme de donn6es selon la revendication 
4 ou 5, comprenant en outre une unite de m6moire 
(82) qui stocke une table de consultation de p6rio- 

50 des d'exposition de ligne en fonction de niveaux de 
signal d'image moyens. 

7. Lecteur de forme de donn6es selon la revendication 
1 , 2, 3, 4, 5 ou 6, comprenant en outre une pluralite 

55 d'amplificateurs echantillonneurs et bloqueurs 
(156-162) dont chacun peut etre utilise entre une 
colonne d'elements de capteur dudit r6seau et ledit 
point de sortie. 
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8. Lecteur de forme de donnees, dans lequel des ex- 
positions de lignes successives d'elements de cap- 
teur sont initiees sequentiellement, comprenant: 

un reseau (21c) d'elements de capteur qui in- 5 
clut une plurality de lignes d'e!6ments de cap- 
teur (140) pour produire des signaux d'image 
representatifs d'une image; 

un assemblage de commande de reseau (142) 10 
qui est agence pour initier une exposition d'une 
ligne d'elements de capteur en faisant en sorte 
que des elements de capteur de ladite ligne 
soient etablis a un potentiel de reference en re- 
ponse a un signal de debut d'exposition et pour 
faire en sorte que des signaux d'image soient 
lus a partir d'elements de capteur de ladite ligne 
en reponse a un signal d'arret d'exposition et 
soient couples a un point de sortie (178); et 

20 

un systeme de commande d'exposition (64/80) 
qui est couple audit point de sortie, qui est sen- 
sible en succession au niveau de signaux 
d'image pour ladite image qui sont lus a partir 
d'une ligne selectionnee d'elements de capteur 25 
afin de determiner une duree de periode d'ex- 
position pour au moins une ligne d'elements de 
capteur qui suit ladite iigne selectionnee, sur la 
base du niveau de signaux d'image en prove- 
nance de ladite ligne selectionnee, et qui est 30 
agence pour apptiquer iesdits signaux de debut 
et d'arret d'exposition sur ledit assemblage de 
commande de reseau afin de mettre en oeuvre 
des durees de periode d'exposition pour des li- 
gnes successives d'elements de capteur. 35 

9. Lecteur de forme de donnees selon la revendication 
8, dans lequel (edit systeme de commande d'expo- 
sition (64/80) est agence pour utiiiser les signaux 
d'image en provenance d'une pluralit6 d'elements *o 
de capteur (140) d'une ligne selectionnee dudit re- 
seau afin de developper un niveau de signal d'ima- 
ge moyen qui peut etre utilise pour determiner une 
periode d'exposition pour Tun des elements qui sui- 
vent: une unique ligne suivante d'elements de cap- 
teur, une pluralite de lignes successives d'elements 

de capteur. 

1 0. Lecteur de forme de donnees selon la revendication 

8 ou 9, comprenant en outre une unite de memoire *o 
(80) qui stocke une table de consultation de perio- 
des d'exposition de ligne en fonction de niveaux de 
signal d'image moyens. 

1 1 . Procede pour une utilisation avec un lecteur de for- 55 
me de donnees qui inclut un reseau (21c) d'ele- 
ments de capteur et dans lequel une exposition de 
lignes successives d'elements de capteur est initiee 



sequentiellement, comprenant les etapes qui.suir 
vent: 

(a) action consistant a provoquer I'eclairement 
(210) d'une zone cible qui inclut une image de 
forme de donnees destinee a etre reflechie sur 
ledit reseau d'elements de capteur; 

(b) couplage d'une premiere ligne d'elements 
de capteur a un potentiel de reference (220A) 
en reponse a un signal de debut d'exposition; 

(c) accumulation d'une charge sur des ele- 
ments de capteur de ladite premiere ligne dans 
une periode d'exposition (222A); 

(d) arret de ladite periode d'exposition de pre- 
miere ligne (224A) en lisant des signaux d'ima- 
. ge en provenance d'elements de capteur de la- 
dite premiere ligne en reponse a un signal d'ar- 
ret d'exposition; 

(e) couplage desdits signaux d'image de pre- 
miere ligne (226A) a un point de sortie; 

(f) repetition des etapes (b) a (d) pour des li- 
gnes successives d'elements de capteur 
(220B, 222B, 224B; 220C, 222C, 224C), I'eta- 
pe (b) pour chaque ligne successive d'ele- 
ments de capteur etant initiee pendant la perio- 
de d'exposition de I'etape (c) pour la ligne pre- 
cedente respective d'elements de capteur, ce 
qui conduit a un chevauchement partiel des pe- 
riodes d'exposition; 

(g) couplage de signaux d'image en provenan- 
ce de lignes successives d'elements de cap- 
teur (226B; 226C) sur ledit point de sortie selon 
des signaux d'image qui se suivent en sequen- 
ce a partir de la iigne precedente respective; et 

(h) arret de ladite reflexion d'eclairement (228) 
sur ledit reseau d'elements de capteur. 

12. Procede selon la revendication 11, dans lequel 
I'etape (a) inclut I'activation de I'eclairement de la- 
dite zone cible afin de produire un eclairement re- 
flechi et I'etape (h) inclut la desactivation dudit eclai- 
rement apres que des signaux d'image ont ete lus 
a partir de toutes les lignes d'elements de capteur 
dudit reseau. 

13. Procede selon la revendication 11 ou 12, incluant 
en outre les etapes qui suivent entre les etapes (e) 
et(f): 

(x) determination d'un niveau moyenne de si- 
gnaux d'image de premiere iigne tels que cou- 
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pies sur ledit point de sortie au niveau de I'etape 
(e); 

(y) utilisation dudit niveau de signal d'image 
moyenne afin de determiner le cadencement 
d'un signal d'arret d'exposition qui est applique 
lors d'une repetition de I'etape (d) afin de termi- 
ner la periode d'exposition pour au moins une 
ligne d'elements de capteur qui fait suite a la- 
dite premiere ligne. 

14. Procede selon la revendication 13, dans lequel . 
I'etape (y) inclut {'utilisation d'une table de consul- 
tation afin de determiner le cadencement dudit si- 
gnal d'arret d'exposition sur la base dudit niveau de 
signal d'image moyenne. 

15. Procede selon la revendication 13, dans lequel, au 
niveau de I'etape (y), ledit signal d'image moyenne 
est utilise pour determiner le cadencement d'un si- 
gnal d'arret d'exposition qui est applique afin de ter- 
miner la periode d'exposition d'une ligne suivante 
d'elements de capteur, qui est eloigned d'au moins 
une ligne de la ligne dont le niveau de signal d'ima- 
ge est moyenne au niveau de I'etape (x). 

16. Proced£ pour une utilisation avec un lecteur de for- 
me de donnees incluant X lignes d'elements de cap- 
teur agencees selon un reseau, comprenant les 
etapes qui suivent: 

(a) lecture de signaux d'image a partir d'ele- 
ments de capteur d'une ligne selectionnee 
d'elements de capteur, lesdits signaux d'image 
incluant des signaux d'image qui sont repre- 
sentees d'au moins une partie d'une forme de 
donnees; 

(b) utilisation du niveau de signaux d'image lus 
au niveau de I'etape (a) afin de determiner une 
periode d'exposition; 

(c) utilisation de ladite periode d'exposition 
pour commander la duree d'exposition a un 
eclairement qui est reflechi depuis une zone ci- 
ble sur un premier sous-jeu de Y iignes d'ele- 
ments de capteur ou Y est au moins egal a 1 et 
inferieuraX; 

(d) lecture de signaux d'image a partir d'ele- 
ments de capteur d'une ligne qui fait suite a la- 
dite ligne selectionnee; 



terminee au niveau de I'etape (e) afin de com- 
mander la duree d'exposition a un eclairement 
d'un second sous-jeu de Y lignes d'elements de 
capteur qui fait suite audit premier sous-jeu de 
5 Y lignes. 

17. Proc6de selon la revendication 16, dans lequel les 
p6riodes d'exposition qui sont determinees au ni- 
veau des etapes (b) et (e) sont respectivement uti- 
lisees au niveau des etapes (c) et (f) en tant que 
periodes d'exposition pour chacune d'une pluralite 
de lignes constituant un sous-jeu de Y lignes, cha- 
que ligne etant exposee individuellement pendant 
ladite periode d'exposition. 

18. Procede selon la revendication 16 ou 17, dans le- 
quel les etapes (b) et (e) incluent ('utilisation d'une 
table de consultation pour determiner lesdites pe- 
riodes d'exposition sur la base d'une valeur moyen- 
nee du niveau de signaux d'image lus respective- 
ment au niveau des etapes (a) et (d). 
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(e) utilisation du niveau de signaux d'image lus 

au niveau de I'etape (d) afin de determiner une ss 
periode d'exposition; et 

(f) utilisation de ladite periode d'exposition de- 
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